As two indispensable resources for human development, energy and water are closely related. China, as the world's largest consumer of electricity, is also experiencing very serious water shortages. Understanding the water consumption intensity in various types of electric power production technologies according to China's national conditions is a prerequisite for understanding the potential impact of electrical power production on water resources. Therefore, following the steps of a meta-analysis, this paper provides a literature review on operational water withdrawal and consumption factors for electricity generation technology in China. We observed that 50% of water consumption for electricity generation was for coal power, whereas there was no research on the water consumption intensity of natural gas power generation, and a shortage of studies on water intake during electrical power production. The average water consumption intensity of hydropower is the largest. The results indicate that compared with other fuel types, hydropower is not a sustainable energy with respect to water conservation, and the study of hydropower applications should be improved in China.
Introduction
The contradiction between the rapidly increasing demand for water/energy and the lack of both resources has gradually become one of the largest obstacles to development in most parts of the world [1] [2] [3] . At the same time, water and energy are inextricably and reciprocally linked. The electricity sector is highly dependent on water. By 2035, global water withdrawals for energy production will increase by more than 20% compared to 2010 [4] .
China has become the world's largest consumer of electricity. With its rapid development, China's demand for electricity will be further expanded. To achieve sustainable development goals, such as a reduction in carbon dioxide emissions, Chinese government departments are adjusting the structure and technology of electric power production. In China's most important planning initiative-the 13th Five Year Plan-the government clearly noted the goal of establishing a low-carbon electric power industry system and the plan to adjust the working focus in the electric power structure [5] .
China is experiencing highly serious water shortages and water contaminations [6, 7] , while climate change will worsen water availability. What is the impact on water resources of the speed and direction of the electricity demand? Are water resources able to support electricity development goals in the future? Such issues should be considered by the government. Therefore, comprehensive and accurate data on the water consumption intensity of all types of electric power production is the basis for answering the above questions.
With the increasing attention of the academic community on problems of the water and energy nexus all over the world [8] [9] [10] [11] [12] [13] , more systematic and comprehensive studies on the water consumption of electric power production in China have also emerged. Several studies have calculated the water consumption intensity of the whole process of electric power production using input-output tables, such as Wu [14] , Feng [15] and Okadera [16] , but these results mostly present the aggregated water footprint of industry sectors, with a lack of spatial and technology details. This shortage of Input-output (IO) analysis was also noted by other researchers, such as Zhang [17] , Yuan [18] and Zhang [19] , who identify the plant-level water consumption for coal-fired electricity generation, and Liu [20] , who calculated the evaporative water consumption for each unit of hydropower generation in China based on data from 209 power plants. However, these results only focused on one kind of energy source or one category of electrical-power-producing technology. Water consumption for power plants with different energy resources needed to be compared to help the government in making decisions on energy resources and to help understand the water impact of their electricity decisions. Thus an overall picture of the water withdrawn and consumption factors for different kinds of energy resources and power generation technologies in China is strongly needed [21] .
Therefore, we provide a review of publications that focus on operational water withdrawals and consumption factors for electricity generation technology using a meta-analysis. By classifying and summarizing the relevant literature and data, we present the water use data for China's power plants more clearly [8] . This analysis can more effectively reflect the existing problems of studies of water consumption intensity in electrical power production in China and provide a data foundation for further studies on the energy and water nexus in China.
Materials and Methods

The Scope of the Review
We estimated the two aspects of water usage: water consumption and water withdrawal. According to the US Geological Survey (USGS), 'withdrawal' is defined as the amount of water removed from the ground or diverted from a water source for use, while 'consumption' refers to the amount of water that is evaporated, transpired, incorporated into products or crops, or otherwise removed from the immediate water environment [22] .
China's electricity generation primarily relies on coal power [23] . Meanwhile, the government is encouraging the development of hydropower, nuclear power, wind power, solar power, natural gas power and biomass power [5] . Therefore, this article focuses on the water use of power plants during electricity generation utilizing coal, natural gas, nuclear energy, water, wind, solar energy and biomass energy. The electricity generation methods that are not mainstream methods or are not strongly encouraged by the government, such as geothermal power generation and oil-fired power generation, will not be discussed in this article.
Only the water usage for power plant operation, rather than other aspects of the life cycle, such as the fuel cycle or plant construction, was taken into consideration. In this study, operational water use includes all of the press-related needs that occur during electricity generation. Thermal electricity technologies (for example, coal, natural gas, nuclear, concentrating solar power (CSP) and biopower technologies) generally require water as the working fluid as part of the Rankine cycle, the thermodynamic process that drives a steam engine. Fuel-based electricity technologies (for example, coal, natural gas, nuclear and biopower technologies) also require water as the cooling medium to condense steam. In addition, coal power plants also involve water use in desulfurization and flue gas dust removal. Nuclear power plants also involve water use for the nuclear island, and CSP also involves water use in mirror cleaning. For hydroelectricity generation, water is passed straight through with negligible losses at the turbine level. The majority of the water lost in hydropower plants with reservoirs is incurred by evaporation [24] [25] [26] . From the point of the working principle [27] and Macknic's work [8] , for fuel-based electricity technologies, water withdrawals are different from water consumption, while for other electricity generation technologies, water consumption is equal to water withdrawals. Therefore, in this paper, we focus on water consumption and withdrawal factors for fuel-based electricity technologies and water consumption factors for non-fuel-based electricity technologies.
Meta-Analysis
In the study, we followed the steps of a systematic review-a meta-analysis [28] -and attempted to obtain useful and reliable intensity factors of operational water withdrawal and consumption for electricity generation technology. The guidelines stage of a meta-analysis includes (1) planning the review scope (literature review): construct a search strategy and set inclusion criteria for the relevant articles; (2) data extraction (coding and generation of the databases): tabulate summary data and code the heterogeneity factors; and (3) data analysis: check for heterogeneity, either by performing a meta-analysis if heterogeneity is not a major concern or by explaining the heterogeneity.
To identify eligible studies, the data sources included published academic literature and government agency reports. The literature involved the topics of operational water consumption or withdrawal factors for electricity generation technology in China. A full collection of the key words used in the search process is shown in Appendix A. The collected studies could be included when (1) the study area was located in China; (2) it revealed information on operational water usage factors for individual power plants or statistics for many power plants in China, while the water usage value derived from the input-output table was not included; (3) only the input of the operational phase rather than the life cycle was taken into consideration; and (4) the water resources refer only to freshwater, while sea water and recycled water were excluded.
The selected literature was characterized by the explanatory variables representing different determinants of variations in value. The sub-categories included the fuel type (for example, coal, nuclear, hydropower, biopower, solar power or wind power), production technique, cooling system, and literature type (such as national-level statistics, district-level statistics, individual plant surveys or derived from laboratory experiments), study method (for example, energy balance text, design parameters), study area (accurate to province) and year of publication. The first three sub-categories were used to classify the selected water use value, while the last three were used for the analysis of the selected studies. The reviewed references are shown in Appendix B.
Finally, the water use value collected was statistically classified and summarized, according to which the maximum value, the minimum value, and the intermediate value of the water consumption of the power plants will be determined. In the process of data aggregation, with regard to nationwide data, the authors took the average value or intermediate value of the range as the median of the result, whereas extreme values of the range are taken as extreme values of the results. In regard to the regional average values, a regional average value is regarded as the median if it lacks national level data, whereas if there is a national average value involved, it will be considered the water consumption of a particular power plant. Additionally, regional extreme values are taken as the representative water consumption of power plants and are aggregated together with the water consumption of other specific power plants provided in other documents. After the summarization process was completed, the data were further analyzed.
Results
Overview of Water Usage Factors for the Power Plants Studied
According to the literature collected, there are several problems:
(1) We observed that a limited number of valuation studies have been conducted at the national scale and the compiled statistics from many individual plants in the whole province or country, such as the work done by Liu [20] , who calculated the water footprints of hydroelectricity in China based on data from 209 power plants. Other studies mostly used the data from only one power plant. (2) The papers focused on coal-fired power plants accounted for 30% of all the papers cited in this study, followed by nuclear power and hydropower both accounting for 12%. We did not find any paper focused on the water consumption intensity of gas-fired power plants. The reason may be that 75% of all of China's electricity is generated by coal-fired power plants [29] , while only 4% is from gas-fired power plants [30] . (3) The concepts of "water usage" was not defined precisely in some literature, such as Li's work [31] .
They just use the concept of "water usage" without explaining whether the "water usage" was "water consumption" or "water withdrawal". This problem was obvious in the literature written in Chinese. (4) Furthermore, the statistical system is incomplete in China and lacks comprehensive, official, public statistical reports on the water use for electric power production. In the Statistical Yearbook of China's Power Industry, which is the authority for the statistical results for the power industry in China, there was no information about the water use of electric power plants (except for the 2012 yearbook) [23] . This lack indicates that the government did not mention the importance of the impact on water of electricity generation. Figure 1 shows the number of papers on water usage factors for power plants. It can be seen that with the increasing attention on the water and energy nexus in international academic circles, such studies in China have also increased and reached a peak in 2014. 
Operational Water Usage Values for Power Plants from Selected Literature
The water usage values were classified by fuel type, production techniques and cooling system. The water withdrawal factors for fuel-based power plants are presented in Table 1 , and the water consumption factors for fuel-based and non-fuel-based power plants are presented in Tables 2 and 3 , respectively (detailed information on the references is listed in Appendix B). The years of the selected data was shown in Table 4 . Hereafter, the collected water use values will be described and analyzed in detail according to each fuel type. The largest water consumption of all fuel resources results from the use of hydropower. However, hydroelectricity does not always have a large water intensity. For the Three Gorges Hydroelectric Project, the water consumption per unit of electricity generated was only 4.25 m 3 MW −1 h −1 , which is 20 times less than hydroelectric projects on the Fenhe River (81.8 m 3 MW −1 h −1 ), but is of the same order of magnitude for other fuel resource categories. The smallest water consumption values result from wind energy and photovoltaic (PV), which are close to zero. Nuclear power plants generally have lower water consumption and water withdrawals than coal-fired power plants with general technology and have greater water consumption than coal-fired power plants with supercritical technology. Coastal nuclear fresh-water withdrawals are only 1/60 of the intensity of water withdrawals of coal power that uses general technology, whereas the water consumption of inland nuclear power is 1/2 the intensity of that of general coal power and slightly larger than the supercritical water consumption of coal power generation (when using closed-loop cooling technology). Biomass power plants consume twice as much water as coal-fired power plants. From this result, we can see that changing the electricity generation technology from coal to other fuels is not always water-friendly.
The Quality of the Selected Data
For coal power, 352 coal-fired power plants were included in our references, which accounted for 30% of all the thermal power plants in China. Thermal power plants can be found in 30 provinces in China (1191) [23] and the thermal power plant locations in our references were distributed in 26 provinces.
According to the statistical numbers of nuclear power enterprises from the World Nuclear Association, there were 11 nuclear power plants with 30 nuclear power sets in China in 2015; four plants with 10 nuclear power sets were included in the references (Cao [43] and Guo [44] ) and were used in this paper. There were also six types of nuclear power sets actively used in China in 2015, which were CNP300, M310, CNP600, Candu HWR, VVER1000, and CPR1000, while four of them (M310, Candu PHWR, VVER1000, CPR1000) were included in the references (Cao [43] and Guo [44] ) and were used in this paper.
For biomass-fired power plants, although there were two studies-Zhao [54] and Peng [55] -on the water consumption of electricity generation from biomass combustion, it can be seen in Table A2 that the water consumption data were not very divergent from those in existing studies.
For hydropower, 219 hydropower plants were included in our references, which accounted for 20% of the total number of hydropower plants (1152) [23] .
For concentrating solar power, there were also two types of mature concentrating solar power technologies, namely parabolic trough and power tower. The water consumption for the power tower was included in our references.
Both of the studies on water for wind power plants found that there was nearly no water consumption for electricity generation by wind power. They drew this conclusion not only from the power plant but also from the theory of wind power generation [9, 63] .
Discussion
Status and Knowledge Gaps of Water for Electricity Studies
For coal power, there was only one study that evaluated the water use for electricity production at the national scale, which was in Yuan's work [18] . Besides this, Zuo's study [33] provided the regional power plant statistics for Beijing; the other data all comes from a summary of independent power plant data. The collected literature lacks reports on the water withdrawal of the air-cooling sets. However, its water consumption should be approximately the same as its water intake, considering its operating principle [64] . In the literature, there is also a shortage of reports regarding water withdrawals in once-through cooling technology, which is probably observed because cooling water is discharged into the water pool during the once-through cooling process, where the consumption is negligible. Moreover, China has not explicitly stipulated water withdrawal standards for once-through cooling technology in the Norm on Water Intake, Part1-Electricity Power Production [65] and the technical code for designing fossil fuel power plants [21] . The amount of water intake in direct cooling technologies is a noteworthy issue. During the once-through cooling process, there is almost no consumption of cooling water, but it still occupies local water resources for the purpose of ensuring the safe operation of power plants, which is related to the allocation of local fresh water resources. Therefore, further attention is needed on this type of research.
China's current nuclear power plants are all located in coastal areas. They have adopted once-through cooling technology and use seawater as the cooling water [66] . Therefore, in the literature we can find the fresh water withdrawal intensity data for seawater as the cooling water and the conjectural data of the water consumption intensity of closed-loop water cooling technology, in spite of the lack of literature providing national statistical data.
There are only two independent project studies on the water consumption of China's biomass electricity generation, and the relevant studies on water consumption of garbage power generation and biogas power generation were not found. The search results for the water consumption of biofuel were mainly focused on water consumption for bio-ethanol and biodiesel, such as Gerbens' work [67] , Ding's work [68] , Hao's work [69] and Yao's work [70] . The biomass energy utilization has grown fast in the past 25 years and there is a huge development potential in biomass energy [71] [72] [73] [74] [75] . Thus, the water use of biomass power should receive more attention.
Factors That Influence the Water Consumption Factors of Electricity Generation
For fuel-based electricity technologies, the cooling system employed is often a greater determinant of the water consumption than the technology and fuel type. For coal-fired power plants, the difference in values between water consumption factors for general technology and supercritical technology with the same cooling type is smaller than that between the closed-loop cooling type and other cooling types with the same technology. For closed-loop technologies, biopower plants have the largest water consumption factors, which are three times greater than the lowest water consumption factors of coal-fired power plants with supercritical technology. However, for the same fuel type, the water consumption factors of the closed loop were four times (for coal-fired power with supercritical technology), five times (for concentrating solar power) and six times (for coal-fired power with generic technology) that of dry cooling.
Liu [20] calculated hydroelectric water footprints, that is, the evaporative water consumption for each unit of hydropower generation in China based on data from 875 representative reservoirs (209 with power plants). In addition, we collected the evaporation data in the Three Gorges area [56] , the large and medium-sized reservoirs of the Yellow River area [54] , and the Fenhe reservoir [58] and the electricity generation data from the corresponding power plants. The results are all within the range of Liu's results [20] . At the same time, the water consumption of the hydropower projects in the Three Gorges area is 10 times lower than those in the Yellow River area and Fenhe area, as shown in Table 5 . The reason for the huge difference in water consumption between different hydropower projects may be because of the vast differences in the evaporation conditions in China. In the context of China's vigorous promotion of hydropower projects, the impact of the hydropower projects on the local water resources through the evaporation of reservoir water should receive considerable attention. 
Water Consumption of Hydropower Plants
Hydropower Plant Area 4.25 [56] Three Gorges Hydroelectric Project 51.9 [57] Yellow River 81.8 [58] Fenhe A summary of the geographic distribution of the selected water consumption intensities for electricity generation are presented in Figure 2 (except hydropower). The size of the signs reflects the relative value of the water consumption intensity. There are no considerable differences among the different provinces, which means that the water consumption intensity is mainly related not to province factors but rather to technology factors (except hydropower). This could be due to the characteristics of China's electric power production enterprises. In China, 17 state-owned large-scale electric power companies take charge of all the responsibilities of electricity generation [23] . Each company's power plants are not concentrated in a single region but are spread widely in multiple regions. At the same time, power plants from the same company have small differences in their electricity generation technologies. Therefore, the differences in the water usage intensity resulting from regional differences is not remarkable. 
The Effect of the Energy Development Trend on Water Resources in China
A transition to a less carbon-intensive electricity sector in China [73] would influence water resources in China. As shown in Table 6 , nuclear and hydropower are more advantageous than other fuel types. However, according to our results, small-capacity hydropower plants with thermal electricity technologies could result in more water consumption per unit of electricity generated. Nuclear power plants built inland and utilizing freshwater as a cooling medium have no advantage over coal with wet cooling systems. Therefore, when making decisions about the power industry's impact on climate change, we need consider water resource restrictions. "+++" represents the positive impact on the energy development and "-" represents the negative impact on the energy development.
According to the results in this paper, hydropower has greater water use intensity than other forms of generation most of the time. Besides, climate change is influenced by hydropower [78, 79] and may lead to an increase in evaporation from reservoirs [31] , which increases the water consumption of hydroelectricity. Thus, hydropower development has a negative impact on water security. Fortunately, it is possible to reduce the gap between the water consumption of hydropower plants and of other plants. For instance, the Three Gorges Hydroelectric Project had 12-20 times less water consumption than other hydroelectric projects (see Table 5 ) and was of the same order of magnitude as other fuel-resource categories (see Tables 2 and 3) . One reason for this was that most other hydroelectric data were from the Yellow River. The Yellow River Basin is in arid and semi-arid areas, where the evaporation capacity is very large [54] . The other reason was that compared with other hydroelectric plants, the Three Gorges Hydroelectric Project has more generating capacity with similar surface evaporation [54, 56] . Therefore, to solve the problem, hydropower development requires coordinated implementation among geographic regions to improve efficiency, as well as a trade-off analysis between reducing greenhouse gas emissions and water use sustainability [80, 81] .
Conclusions
Following the steps of a meta-analysis, in this study we reviewed the literature that reports on the operational water withdrawal and consumption factors for electricity generation technology in Chinese power plants. Through a relevant literature review, we observed that studies on the water use intensity of electrical power production in Chinese power plants are still very incomplete. There are several main problems. There is a lack of national-level investigation into the water consumption of power plants in China to represent the conditions of the whole country. There is a lack of reports aimed at examining the water use intensity of some electricity production technologies, such as power generation from natural gas. Studies on the water intake intensity of electrical power production are inadequate, as well. Hence, several conclusions can be drawn from the results of the existing reports. For fuel-based power plants, the difference in water consumption intensity resulting from the difference in cooling methods is greater than that resulting from different energy sources. For the water consumption intensity of hydropower, which results from reservoir evaporation, its average value is the largest. Therefore, it can be seen that in the process of China's transition to low-carbon electricity generation, the government should pay special attention to whether it will increase the regional water crises with the use of hydropower. The water consumption intensity of wind power and solar power generation is close to zero. Thus, these two technologies are water-friendly power generation sources. In addition, the water intake intensity of coastal nuclear power plants and the water consumption intensity of inland nuclear power are both less than that of coal power. The water consumption intensity of biomass power generation was generally no more than that for coal-fired plants. It can be conjectured that the water consumption in power plants is not an obstacle to biomass application. In the meantime, since coal power's position in China's electric power production structure will not change in a short period of time, the change of its cooling modes will certainly and significantly reduce the pressure on water resources in the process of coal power generation. Author Contributions: Jinjing Gao made substantial contributions to the acquisition of data, calculation and results interpretation. Peng Zhao made substantial contributions to the logical structure of the manuscript. Hongwei Zhang, Guozhu Mao and Yuan Wang provided useful advice for the structure and grammar revision the paper.
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Appendix A Table A1 . The keywords introduced in the systematic review regarding the three main fields: study location, economic valuation technique and ecosystem services.
Field Main Words
Study location "Chinese" or "China"
Water consumption for power plants "water use *" or "water balance" or "water consumption" or "water saving" or "water demand" or "consumption of water" or "water resource *" "fossil-fired power plant *" or "thermal power plant *" or "power plant *" "hydropower" or "evaporation and reservoirs" "nuclear plant" or "nuclear power" "biomass power" or "biomass" or "wind power" or "renewable power" or "non-fossil power" Water and energy nexus "water -energy nexus" or "water electricity nexus"
Wildcard (*) is used here to find plurals and word variants Appendix B 
